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I (57) Abstract: A stent of variable surface area as det^ed by s.^^^^^ 
® ieng* which accommodates a therapeutic agent A patterned ^^'^^^^f^^^'^^f^^ S^Ktherapeul: agent can be 

^ Ze^ nie stent can be cut with stmts of variable tlnckness to provnte the variable stent suxfece area. 
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VARIABLE SURFACE AREA STENT 

An^nROUND OF THK TNVENTION 
[00011 The present invention relates to intravascular implants. In particular, the 
present invention relates to stent devices to deUver tha^eutic agents such as 
radioisotc^es or drugs. 

n ArTgtf;:ROTOn> of the prior art 

[0002] In tiie last several years, minimally invasive surgical procedures have 
become inraeasingly common, l^finimally invasive procedures such as percutaneous 
transluminal coronary angioplasty (PTCA) are widely utilized. A PTCA procedure 
involves the insertion of an angioplasty balloon at the distal end of a catheter to the site 
of a stenotic lesion. Prior to treatment, the stenotic lesion is bulky and at least partially 
blocking the coronary artery at issue. Once advanced, the balloon is inflated 
compressing flie stenosis and widaiing the tamen in order to allow an efficient flow of 
blood tbrov^ the lum^ 

[00031 Following PTCA and othiar stenotic treafineut procedures, a significant 
number of patients may experience restenosis or otiier vascular blodcage problems. 
These problems are pione to arise at the site of tiie former stenosis. 
[0004] In order to hel^ avoid restenosis and other snnilar problems, a strait msy be 
implanted into the vessel at the site of the former staiosis with a stent delivery catheter. 
A stent is a tubular structure ^ch is deUvered to the site of flie former stenosis or 
lesion and conqjressed against vessel walls thereat, again with a balloon. The structure 
of tiie start promotes maintenance of an open vessel lumen. The stait canbe in5>lanted 
in coi^imction with tiie angioplasty. 
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[00051 In addition to stent implantation, radiotiierapy and drug delivery treatments 
have been developed and ^Hed to the site of the fimndr stenosis following 
angioplasty. Generally such Heatments can aid in the healing process and significantly 
reduce the risk of restenosis and other snnilar problems. 

[0006] In some cases, steat implantation may be combined with drag delivay or 
radio&er^y. For example, a stent may be drag loaded or radioactive. A stent with a 
therapeutic agent may be deUvered 1o Ihe physician about flie stent dehvery caflieter 
(and with a removable shield if the stent is radioactive). 

[0007] However, deUvery of a ther^entic treatment Ihrou^out flie site of the 
former stenosis is problematic. The level of unifomiity in the delivery of a therapeutic 
agent to the injured area is dependent upoa the particular stent configuration. For 
example, in the case a radioactive stent, the radioactive stent may have hot spots and 
cold spots of uneven levels of radioactivity. This is because the stent is made np of 
shuts having radioactivity and window cells having no physical stracture or 
radioactivity (or drag in the case of a drag deHvery stent). Therefore, ther^eutic agent 
throughout a particular stent configuration is dependent x^on the strut and window cell 
distribution throughout that stent Therefore, ther^eUtic variability results. 
[0008] For example, in the case of a radioactive stent, if about 20 Grays (Gy) of 
radiation, as measured fiom 1 mm of tissue depth, are to be dehvcred to a vessel 
portion to be treated, a wide range of radiation deUvery will actually occur. That is, 
due to the radioactive stent configuration, anon-uniform deUvoy, ranging fiom about 5 
Gy to about 25 Gy is more likely delivered to the vessel portion to be treated. Due to 
limitations of the prior art a range of at least about 20 Gy will be deKvered by a 
radioactive stent throughout the vessel portion to be treated in the given exanq.le. As a 
result, certain portions of die vessel will receive significantly more or significantly less 
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radiation than iBteaded. Such a variabflity in delivery could lead to underdose failing 
to reduce the risk of restenosis in certain portions of flie vessel, or overdose potentially 
causing further vascular injury to other portions of &e vessel. This variability results 
regardless of the <Jiera5>eutic agent to be delivered. 

10009] Additionally, certain therapeutic agents are delivered to avoid a 
phenomenon known as "edge restenosis". Edge restenosis is prone to occur near stent 

mis. 

[00101 Even thou^ a stent is structurally configured to maintain the patency of a 
vessel lumen, edge restenosis is prone to occur with the use of radioactive starts. Edge 
n^osis involves the formation of vascular over^wths in vascular areas 
inmiediately adjacent radioactive st^ ends, gener^y about 2 mm of each 

Reactive stent end. Edge restenosis is a result of deUvery of a sub-tiu:eshold level of 
radiation to the vascular areas immediately adjacent the radioactive stent ends. These 
vascular areas are near or.witiun the site of tixe former stenosis. They mclude 
vasculature likely to be diseased, or subjected to a recait trauma such as 
When a sub-threshold level of radiation, between about 2 Grays and about 10 Grays, as 
measured at 1mm of tissue depth, readies such vuhierable vascular areas, stenotic 
overgrowths may actually be stimulated. These overgrowths result in narrowed vessel 
portions near steut ends giving an ^earance of a candy wrapper crimped around the 
eads of tiie stent. Thus, this effect is often referred to as flLe«candywr^er- effect 
lOOll] The occurrence of the candy wr^er effect is likely when a radioactive 
totisused. This is because the intenaty of radiation decreases as the source of the 
radiation, the radioactive stent, terminates at its ends leading to a drop of in radiation 
levels at vessel portions adjacent its «ids. Thus, a sub-threshold radiation dehvery is 
Hkely to occur near the radioactive stent ends. 
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[0012] As indicated, heretofore, the level of therapeutic unifoimity or focus any 
particular stent has been able to deUver has been dependent upon that stent's 
configuration with respect to strut and window cell distribution. However, a stent 
staicture (i.e. strut l^ut) which physically promotes maintesnance of an open vessel 
lumen may be of a particular configuration which is not necessarily best suited for a 
more unifomi deKvery of a ther^eutic agent Additionally, this stent configuration 
niay fail to avoid animintended "candy wr^er^ effect in ^ch portions of the vessel 
adjacent the stent became narrowed. 
STTMMARY OF THE INVENTION 

[0013] An embodiment of the present invention provides a stent having a variable 
stent surfece area per unit length. The variable stent surfece area is used to 
accommodate a ther^entic agent 

[0014] Another embodiment of the present invention provides for a stent having an 
end and a variable stent surfece area p^ unit length to accommodate a ther^eutic 
agent A decreased level of ther^eutic agent in provided at the end. 
[0015] An embodiment of flie present invention provides for a stent having an end 
md a variable stent surface area per unit length to accommodate a Iher^eutic agent 

An increased level of flier^eutic agent in provided at the end. 

[0016] hi an embodiment of the invention a method of vessel treatment utilizing a 
stent with a variable stent surfece area is provided. A ther^eutic agent is disposed on 
fbs stent surfece area to provide a patterned distribution of the ther^eutic agent 
[0017] hi another embodiment of the invention a method of stent manufacture is 
provided where indraitations are cut into a surfece of a stent A Iher^eutic agent is 
disposed on Ihe surfece of the stent 
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[0018] M anotha- embodiment of Uie invention a method of stent manufacture is 
provided where struts of the stent are cut of increased thickness to provide a variable 
stent surface area. Ther^eutic agent is disposed on the variable stent surfece area. 
Ttpmir nKSCRIPTTQN OF THE D RAWINGS 

[0019] Fig. 1 is a side view of an embodiment of a stent of the present inventioa 
[0020] Fig. 2 is a pictorial view of an embodiment of a stent of the present 
invention implanted within a vessel of a patient. 

[00211 Fig. 3 is an enlarged view of an embodiment of a strut of the stent of Fig. 2. 
[0022] Fig. 4 is an enlarged view of an embodiment of a strut of the stent of Fig. 2. 
[0023] Fig. 5 is a cross sectional view of an embodiment of a strut taken along the 
line 5-5 of Fig. 4. 

[0024] Fig. 6 is a chart depicting an embodiment of a dose deUvery profile of the 
present invention. 

[0025] Fig. 7 is a representation of an embodiment of a source profile of the 
invention. 

[0026] Fig. 8 is a chart depicting an embodiment of a dose deUveiy profile of flie 
present invention. 

[0027] Fig. 9 is a representation of an embodiment of a source profile of the 
invention. 

mr.TATLEP DF.SCRIPnO>r OV THE IN VENTION 

[0028] The following description makes reference to numerous specific details in 
order to provide a thorough understandmg of the present invention. However, eadi and 
every specific detail need not be employed to practice flie present invention. 
Additionally, well-known details, such as particular materials or methods, have not 
been described in order to avoid obscuring the present invention. 
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[0029] Refening to Fig. 1 an embodiment ofa stent 100 of the present invention is 
shown. Thestaitl00isfonnedofstoitsl80, wMch provide phj^calstnictme, and 
open spaces, referred to as window cells 190. The struts 180 are formed from stainless 
steel or other materials which are genaally bioconq>atfl)le. For purposes of illustration, 
the struts 180 shown have a cylindrical shape longitudinally. However, in alternate 
embodiments non-cylindrical strut 180 sh^ are used. As discussed further herdn the 
struts 180 provide a variable surface area to the steut 100. 

[00301 Referring to Fig. 2 an embodimait of a sterit 200 of the present invention is 
shown within a vessel 2 near the site of a former stenosis 3 to maintain the patency of 
flie vessel hnnen 7. The stent 200 of Fig. 2 is equipped with struts 280 which have 
variabiUty in surface area, in terms of a change in surface area per unit length, as 
described furtha- below. For each strut 280 portion, a surface area (7) is provided 
which is given by the equation: 7 = 2iaSik, whore r is a radius, (r) of ttie strut 280 

t 

portion, 1 is a length © of the strut 280 for the portion of the strut 280 being examined, 
and hr is the roughness fector (h,) of the strut 280 portion. 

[0031J Referring to Figs. 3 and 4, strut types 220, 230 ofFig. 2 are shown enlarged. 
Hie radius (r) (or r, and ra) and a given lengtti Q shown (see also Fig. 5 showing a 
radius (rz) of a cross-section of a strut). The strut surfece area (7) inchides a loading 
surfece 340. The loading surfece 340 portion of flie surfece area (7) is that portion of 
ae surfece area (7), generally facing outward (i.e. toward vessel 2 as shown in Fig. 1). 
fliat accommodates ther^eutic agent. As the overall surfece area (7) increases or 
decreases, so does the loading surfece 340. Hierefore, if strut surfece area (y) varies 
throughout a given laigth as it does in the embodiment shown, then the dose 
amount for a given length C) (i.e. the dose concentration (6)) will vary throughout fliat 
samelength®. Given the equation: 7= it can be seen that if the variables r or 
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of the equation fluctuate in value, for the same given leogfli Q, as is the case in the 
shown embodiment, then so too will the surfece area (t> of the strut type 220, 230 
within the given length (1). 

[0032] Referring to Figs. 2 and 3, in order to vary surface area (i) of the stent 200. 
certain roughened strut 220 types are provided with a surface pattern. The roughened 
struts 220 are those in which the variable hr. referred to above, has changed in value 
throughout a given length 0). Or, in other words, y' = 27n:lAh.. For example, where an 
entirely smooth surfece strut is provided (not shown), the roughness factor (hr) is 1.0, 
having no effect on the surface area (y) of the smooth surfece strut However, if the 
roughness factor (hr) is greater than 1.0, the surface area (7) wiU correspondingly 
increase as shown in the present embodunent. Therefore, the dose concentration (5) of 
ther^eutic agent deliv«3ble to the vessel 2 is increased in corresponding portions of 
the strut 280 where (hr) is greater than 1.0. 

[0033] As shown in Fig. 3. an embodhnent of a roughened strut 220 is provided of 
a given length Moving ftom a first portion 360 of the given length 0) to a second 
portion 300. the roughness factor (hO changes as mdicated by the change in roughness 
over that same lengfli a). That is. increased roughness, as indicated by the granular 
appearing texture of the loading surfece 340, is provided near first .portion 360. 
Altanatively. flie value of the roughness factor (hr) decreases and approaches a value of 
1.0 near second portion 300 as shown by the smoother ^pearance of the loading 
surfece 340 near second portion 300. Therefore, a roughened strut 220. as in the 
embodiment shown, provides one manner of varying surfece area (y) ftroughout a 
given length (T). and thus provides a variation in dose concentration (5) throughout feat 
same length 0). 
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[0034] Referring to Figs. 2 and 3, in order to increase the rou^mess factor Qk) 
cheEnical, plasma, laser, mechanical or alternate methods of etching are used m 
^nbodiments of the inventioit For example, in one embodiment tiie stent 200 is dry 
etched by sand blasting or plasma etched with argon in order to uiai'ease rougbness. 
[0035] Another embodiment focuses the increased roughness factor (hr) at 
particular struts 280 by a Iithogrq)hy technique of coating the stent 200 with a 
protective polymer such as ethylene vinyl alcohoL The stent 200 is then selectively 
treated with a soIvctI, such as ditnefhyl sulfoxide (DMSO), dimethyl foimamide 
(DMF), or dimethyl acetamide (DMAc), in strut 280 areas to remove portions of the 
protective polymer. For exanQ>le, in one embodiment, a stent end 250 is dipped into 
the solvent to remove protective polymer Scorn portions of the struts 280 nearer the 
stent end 250. By removing the protective polymer, these i>ortions of the stent 20Q are 
susc^tible to increased roughening following application of an etching process to an 
exterior of the stent. Thus, once the stent 200 is etched, an increased rou^mess factor 
(hr) is present at the stent end 250. However, in an alternate embodiment increasing 
roughness interior of the stent 1 is avoided in order to promote a flow of blood throu^ 
the stent 

[0036] The roughened strut 220 embodiment shown is viewed in light of its 
positioning in the stent 200. It can be seen that the roughened stmt 220 is found near 
stent end 250. The roughened strut 220 includes a loading surfoce 340 Vfbidi has been 
* roughened as discussed above. The degree of roughening increases moving toward the 
first portion 360 (nearer the stent end 250) of the rou^ened strut 220. Alternatively, 
the loading surcELce 340 becomes smoother moving toward a second portion 300 (nearer 
the stent body 251). That is, in view of flie stent 200 as a whole, additional suc&ce area 
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(-j), and thus, increased radioactivity ^spon activation, is foxmd near flie stent end 250 
due to the lou^ened stint 220 pattKniog provided. 

10037] Referring to Figs. 2 and 4, in order to vary surface area (7) of tiie stent 200, 
cCTtain stints 280 are. formed as increased thickness struts 230. The increased ihickness 
stiuts 230 are those in which tiie radius (r), referred to above, has changed in value 
throughout a given lengtli 0)- Or, in other words, y" = 27tArlhr. 

[0038] As shovra in Fig. 4, an embodinient of an increased thickness stint 230 is 
provided of a given lengfli (I). Moving from a first strut portion 450 of the given laigth 
(1) to a second stint portion 400, we see that the radhis (Ar) changes as indicated by the 
change in radius size from n to rz respectively, with 12 indicating an increased radius 
(i.e. Ar) from that of n. Therefore, an increased thickness stmt 230 provides an 
alternate manner of varying surfece area (y) throughout a given length and tiius 
allowing for a variable dose concentration (6) throu^out that same length ®. This 
pattem of surface area (y) along the given length 0) bolds tine even in non-linear stint 
portions 425. 

[0039] As shown witii reference to positioning within the stent 200, the increased 
thickness strut 230 is shown near opposite stent end 260 of Fig. 1. As a result, 
increased surface area (y) and tirus, increased radioactivity upon activation, is provided 
near opposite stent end 260. 

[0040] In a mefliod of manufacturing the stent 200, including stints 280, the stent 
200 is laser cut fiom, for exanq>le, a staiidess steel tiibe. The laser cutting process is 
run according to an automated process to form a particular stent configuration. la order 
to increase or vary a radius (r) in portions of particular stints 280, tiie automated 
process is programmed to cut a strut 280 of increasing radius (r), for exanq)le, near 
opposite stent end 260. Jn this mannra:, an increased thidcness strut 230 is provided. 
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[0041] Referring to Figs. 4 and 5,- a cross section taken from the line 5-5 of Fig. 4 is 
shown as Fig. 5. In addition to a greater amount of loading surfece 340 generally, the 
increased thickness strut 230 of Fig. 4 includes increased size indentations 435. As 
shown in the embodiment of Fig. 5, the increased size indentations 435 have beCTL cut 
into the loading surface 340 with a laser during manufecture to provide additional 
loading surface 340 at the interior of the inareased size indentations 435 by providing 
additional interior surface wi& the increased size indeatatioiis 435 
[0042] Each indentation may increase surface area by about threefold p^ unit area. 
Where the depth L is increased, surfece area provided by the indentation is increased. 
Increased size indentations may have a depth L of about one half of the increased 
thickness strut 230 at the location of the indratation. Increased size indentations 435, 
have a depth L beyond about 60-80 microns, and are provided as thickness increases (as 
shown toward the opposite stmt eaxd 400 of Fig, 4). The inareased size mdentations 435 
provide a volume as well as increased surface area (7). In the embodiment shown, flie 
indentations 435 are of a truncated cone diape. However, in oUter embodiments, oflier 
shapes are used. For exan^le, in one embodiment of the invention, the indentations 
435 are of a diir^led shape 

[0043] Referring to all of Figs. 2-5, the surfece area (7) discussed in relation to the 
above embodimCTts is increased by the use of particular increased size indentations 
435, an increased thidmess strut 230, and a roughened strut 220. However, all of these 
features, alone and in any combination, are used in other embodiments to increase 
surfece area (7) m particular stent 200 portions and provide particularly configured and 
foctised loading surfaces 340 for accommodating ttior^eutic agents. Once a particular 
stent 200 configuration of incareased surface area (7) is chosffi and provided, it is 
activated with ther^eutic agent, accommodated at the loading surfece 340. 
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[00441 M an embodiment of the invaition. where the Iher^eutic ageat to be 
provided includes radioactive isotopes, plasma ion implantation of Ihe isotopes into flie 
loading surfece 340 is used for activation. Embodiments of the invention en«,loy 
Plasma and Ion Beam Assisted Deposition for loading. Plasma ion implantation results 
in radioactive ions bdng in^lanted below the loading surfece 340 of the stent 200. By 
implanting ions below the loading saifece 340. a radioactive layer is formed which is 
shielded flom a biological enviromnent when the stent 200 is later inserted into a 
patient. Plasma ion inq,lantation invohres loading flie stent 200 into an isolation 
chamber where a plasma of radioactive ions is generated. The plasma is provided by 
providing a Uquid or gas which includes a stable precursor to the ion type to be used. 
Radio Frequency (RP) or microwave power are coaled to ibc isolation chamber to 
transform the mixture into a plasma state within the chamber. Negative voltage energy 
pulses are then appHed to the treatment stent 1 to cause in^lantation of ions below the 
loading surfece 40. hi various embodiments, ions such as Phosphorous (P^^ Rhenium 
(Re»««), Yttrium (Y«>), Palladhnn (Pd^ Iodine (T), and Ruthenium (Ru»°^ are 
loaded above and below the loading surfece 340 in this manner. 
[0045] Tn other embodim«rts. where the flxaapeutic agent to be provided includes 
bioactive drugs, alternate methods of loading onto the loading surfece 340 are used. 
For example, a dip coating, ^y, or centrifogadon process is used. The dip coating 
process involves submerging the stent 200 in a solvent having an anti-coagolant or 
other drug solution. H^arin or heparin coating substances such as Duraflo®. available 
ftom Baxter Ihtemational, hic, are used as part of the drug solution. 
[004fil Ihe stent200 is then placed into a centrifugation chamber and spun to dkect 
fl.efirstsolutiontoparticularportionsofthestont200. The stent 200 is then dried and 
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submerged in a second drug solution. This second drug solution also contains 
radioactive ions as additional therapeutic agent 

[0047] Mechanical rinsing of the stent 200 is used to remove any excess of the drug 
solution. Centrifugation of the stent 200 is then repeated to remove excess drug 
solution. 

[0048] In one embodiment, where a volume is provided by increased size 
indentations 435, drug solution is deposited therein as a result of such methods of 
loading described above. In other onbodiments, such methods of loading are repeated 
to add bioactive elutable drugs or even a separate anti-coagulant barrier to encase drug 
solution on the loading surfece 340. The banier is added by dipping, cemtrifiigation 
and plasma deposition as indicated, or alternately by spraying or plasma 
polymerization. 

[0049] The variability in surfece area provided by any combination of the above 
referenced features accommodating a therapeutic agent aUows delivery of ther^eutic 
agent in a manner not limited solely to strut 280 and window cell 290 distribution. As a 
result, stait 200 embodiments are provided which increase ther^eutic agent focus in 
particular areas of the stent 200. 

[0050] In an embodiment of the invention, increased surface area is provided in 
areas of the stent 200 known to deliver an under-dose of therapeutic agent 
Alternatively in another embodiment, less surfece area is present in areas known to 
deUver an overdose of therapeutic agent These surfece area configurations are used to 
help avoid irregularities or significant variation in delivery of therq)eutic agent 
[0051] Additionally, in an embodiment of the invention, increased surfece area 
stmts 280 are developed to focus an inareased amount of ther^eutic agent near strait 
ends 250, 260. This embodiment helps avoid dehvery of sub-threshold levels of 
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radiation to portions of a vessel immediately adjacent stesA ends 250, 260 (i.e. to avoid 
delivery of between about 2 and about 10 Grays, as measured at 1mm of tissue deptti to 
the vessel 2 in this area). Likewise, another similar embodimrait helps provide other 
therapeutic agents to help combat edge restenosis in this manner. Altemativdy, 
variabiliiy in suifece area can be used to minimize delivery of a radioactive ther^eutic 
agent near stent ends 250, 260 in order to avoid sub-threshold radiation delivery and 
edge restenosis. 

[0052] Figs. 6-9 show the resutts of making use of particular variable surfece area 
stent embodiments having unique focuses of therapeutic agent distribution. The results 
are shown with respect to dose delivery and source profiles. 

[0053] For example. Fig. 6 depicts a chart indicating the distribution of ther^utic 
agent, in the form of radioisotopes, with respect to dose delivery for an embodiment of 
the invention. The x-axis, labeled ''Vessel Length", includes flie stent length 601 along 
with the treatment portion 620 of a vessel. The y-axis, labeled 'T>ose Delivery (Gy)", 
indicates the amount of radiation absorbed in Grays (Gy) througjiout a vessel 2 such as 
that of Fig. 1 (as measured liom 1 mm of vessel dq>th). 

[0054] Similarly, Fig. 7 represents a source profile of a stent 700 according to the 
fher^eutic distribution indicated in the embodiment of Fig. 6. The profile includes an 
extension of radioactivity 730 significantly beyond stent ends 750, 760 (ie. hot ends) to 
help avoid edge restenosis. Also, a uniform field of radioactivity 755 throughout the 
stentbody 751 is provided. 

[0055] With reference to the embodiments represented in Figs. 6 and 7, an 
increased amount of flier^eutic agent is provided near stent ends 750, 760 due to the 
increased loading surfece provided thereat Therefore, where the ther^eutic agent is 
radiation, as with the embodiments of Figs. 6 and 7, deUvery of a sub-threshold level of 
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radiation is avoided at vessel portions immediately adjacent the stent 700 (Le. within 
about 2mm of flie stent longitadinally). 

[0056] AdditionaUy, the stent 700 is configured with increased loading surfece 
directed toward portions of the stent 700 previously responsible for a more uneven 
distribution of ttierapeutic agent In the case of radiation deUvery, a more uniform field 
of radioactivity 755 provides a more consistent deKvery of therapeutic agent 
radiation) throu^out tixe stent body 751 of the stent 700. 

[00571 A prior art distribution of radiation 51 is un-even. That is, the uniform 
surfece area of a prior art stent may deliver a highly variable dose within a stent length 
601. For e3can5>le, the variable dose can include a maximum dose 91 that is 20 Gy 
greater than a minimum dose 92 v<*ile delivering only an average dose of 20 Gy (with 
aU measurements taken at 1 mm of tissue depth). Alternatively, a more level deUvery 
of radioactivity 650 is provided in embodiments of the invention. Embodiments of the 
invention can also include peak dehveries of radioactivity 630 to ensure avoidance of 
sub-fiueshold delivery 21 in vessel areas of concern, within about 2mm of the stent 
longitudinally. 

[0058] Refening to Figs. 8 and 9, and continuing with the example of a radioactive 
thca^eutic agent, a decreased amount of radioactivity (i.e. an early termination of 
radioactivity 930) is provided near strait ends in another embodiment of the invention. 
This is due to fte decreased loading surface provided at flie steiit ends 950, 960 as 
coxapsaed to Hie rranainder of the stent 900. DeUvery of a sub-tlu^old level of 
radiation is nevertheless minimized or avoided at portions of a vessel immediately 
adjacent the stent 900 O-e. within about 2nmi of the stent ends 950, 960). That is, any 
radiation delivered here is below a sub-threshold level to help avoid edge restenosis. 
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[0059] AdditionaUy, as wilii Fig. 6. the stent 900 represented by Fig. 9 has been 
configured to have increased surface area directed toward portions of a stent 900 Ihat 
would ollienvise be responsible for an uneven distribution of ther^eutic agent. A more 
uniform field of radioactivity 955 provides a more consistrait delivery of Iher^eutic 
agent (i.e. radiation) throughout a stent body of the stent 900 as seen above the x-axis 
tbrou^out stent length 860. 

[0060] Again, by way of comparison, a prior art distribution of radiation 51 is un- 
even and a sub-threshold level of radiation 21 is delivered by a prior art stent to vessel 
areas within 2mm of the stent. Alternatively, a more level delivery of radioactivity 850 
is provided in embodiments of the invention. Embodiments of the invention can also 
include tiered deHveries of radioactivity 830 to ensure avoidance of sub-threshold 
ddivery 21 in vessel areas of concern. 

[00611 Embodiments of the invention described above include a therapeutic stent 
which is able to provide an overaU pattern of therq)eutic agent, where the pattern is not 
determined solely by strut and window cell distribution throughout the stent 
Embodiments of the invention also include patterns of therapeutic agent which he^ 
avoid edge restenosis while also helping to avoid dehvery of a non-unifomi level of 
ther^tic agent throughout the portion of a vessel to be treated. While such 
exei^plaiy embodiments have been shown and described in the form of particular stents 
having variable surface area, many changes, modifications, and substitutions may be 
made wi&out departing from the spirit and scope of this invention. 
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1 L A stent having a variable stent surface area per unit length to accommodate a 

2 patterned distribution of a therapeutic agent 

1 2, The stent of claim 1 wherein said therapeutic agent is selected from a groi^ 

2 consisting of a bioactive drug and a radiation source. 

1 3. The stent of claim 1 wherein said ther£5>eutic agent is a radiation source, said 

2 variable stent surfece area configured to avoid delivery of a sub-threshold level of 

3 radiation to a vessel wall when said stent is placed adjacent thereto. 

1 4. The stent of claim 1 wherein said variable stent surface area is configured to 

2 reduce variability in delivery of said Aerapeutic agent to a portion of a vessel adjacent 

3 a stent body of said stent 

1 5. The stent of claim 1 further comprising struts having a roughened portion with a 

2 roughness factor above 1 to provide said variable stent sur&ce area, 

1 6, The stent of claim 5 wherein said roughened portion is provided by a method of 

2 etching a portion of said stmts. 
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1 7. The Stent of claim 5 further comprising: 

2 a loading surfecse at an exterior portion of said stent to accommodate said 

3 ther^eutic agent; and 

4 an interior portion of said stent void of said rou^ened portion. 

1 8. The stent of claim 1 further conqMismg struts having a thickened portion 1o 

2 provide said variable stent surfece area. 

1 9. The stent of claim 8 wherein said thickened portion is provided by an increased 

2 radius portion. 

1 10. The stent of claim 8 further conqirising increased size indentations having a 

2 depth beyond about 80 micrometers to provide said variable stent suifece area. 

1 11. The stent of claim 10 wherein said thickened portion is provided by cutting a 

2 stent pattern from a tube, said stent pattern indicating said thickened portion. 

1 12. The stent of claim 1 1 wherein said cutting is performed by an automated laser 

2 method. 

3 13. A stent conqndsing: 

4 an end; 

5 a variable stent surfece area per unit length to accommodate a patterned 

6 distributionofathCTapeutic agent and 

7 a decreased level of said ther^eutic agent at said end. 
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1 14- A stent comprising: 

2 an end; 

3 a variable stent surface area per unit length to acconamodate a patterned 

4 distribution of a therapeutic agent; and 

5 an increased level of said therapeutic agent at said end. 

1 15. A method of manufacturing a stmt for treatment of a vessel, said method 

2 comprising: 

3 providing a stent with a variable stent surface area per unit length; and 

4 disposing a therapeutic agent on said variable stent surface area, said variable 

5 stent surface area to aUow a pattemed distribution of said thCTapeutic agent throughout 

6 said stent 

1 16. The method of claim 15 wherein said providing is achieved by a method of 

2 etching selected &om a group consisting of chemical etching, plasma etching and laser 

3 etching. 

1 17. The method of claun 15 wherein said providmg is achieved by a lithogr^hy 

2 technique comprising: 

3 covering said stent with a protective polymer, 

4 removing a portion of said protective polymer from a selected portion of said 

5 stent: and 

6 etching a portion of said stent at said selected portion to provide increased 

7 roughness thereat 

18 
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1 18. The method of claim 17 wherein said protective polymer is ethylene vinyl 

2 alcohol. 

i 19. The method of claim 17 wherein said selected portion is a stent end. 

1 20. The method of claim 17 wherein said etching is perfoimed by a method selected 

2 from a group consisting of dry etching with a sand blast and plasma etching with argon. 

1 21. A method of manufactuiing a stent for treatment of a vessel, said method 

2 comprising: 

3 providing a stent with a variable stent surface area per unit length; 

4 cutting indentations into an exterior surface of said stent, said indentations 

5 having a depth beyond about 80 micrometers; and 

6 disposmg a therapeutic agent on said variable stent surface area, said variable 

7 stent surfece area aUowing a patterned distribution of said therapeutic agent throughout 

8 said stent 

1 22. The method of claim 21 wherein said therapeutic agent is a radioactive source, 

2 said disposing perfonned by a method selected from a groiq) consisting of plasma 

3 deposition and ion-beam assisted deposition. 

1 23. The method of claim 2 1 wherein said therapeutic agent is a bioactive drug, said 

2 disposing perfomied by a method selected from a group consisting of dip coating. 

3 spray, and centrifiigation. 
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1 24. The method of claim 21 wherein said loading inchides filling a portion of said 

2 iBdentadon witii said therapeutic agent 

1 25. The method of claim 21 further comprising adding a protective bairier over said 

2 stent after said disposing, said adding performed by a method selected firom a groiqj 

3 consisting of dip coating, centrifogadon, plasma deposition, spraying, and plasma 

4 polymerization. 

1 26. A method of manufacturing a stent for treabment of a vessel, said me&od 

2 comprising: 

3 cutting struts of a stent to have portions of increased thickness providmg a stent 

4 with a variable stent surface area per unit length; and 

5 disposmg a therapeutic agent on said variable stent surfece area to allow a 

6 patterned distribution of said therapeutic agent throughout said stent. 
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